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CHAPTER  1  INTRODUCTION 


Since  the  advent  of  the  Jet  aircraft,  noise  central 
at  and  around  an  airpart  has  became  a  prime  concern  ta 
many  local  communities.  Ta  meBt  the  ever  increasing 
volume  af  air  traffic,  airlines  are  putting  larger  planes 
into  operation  and  increasing  the  numbers  of  flights. 
These  actions  only  serve  ta  increase  the  total  amount  af 
noise  generated  at  an  air  installation.  Community  de¬ 
mands  for  quieter  air  operations  have  spawned  the  devel¬ 
opment  efforts  af  quieter  engines,  government  sponsored 
noise  abatement  programs,  noise  certification  require¬ 
ments  af  foreign  and  domestic  aircraft,  and  proposals  af 
airport  relocations  as  extreme  as  the  littoral  airport 
proposed  for  construction  B  miles  offshore  in  San  Pedro 
Bay,  California,  all  for  the  sake  of  quiet.  Although 
these  efforts  are  commendable,  thBy  alone  cannot  satisfy 
the  requirements  of  a  quiBt  environment  for  peoplB  who 
choasB  to  build  near  an  airport.  For  BxamplB,  much  af 
thB  noise  produced  by  an  aircraft  is  a  result  of  thB 
large  shear  stresses  established  within  the  air  itself  in 
the  immBdiatB  vicinity  of  the  Jet  exhaust  stream.  Such 
phenomena  cannot  bB  changed  by  the  efforts  af  man. 


Consider  the  IbvbI  af  quiet  far  a  commercial  building 
such  as  the  airport  hotel .  Such  a  structure  must  be  able 
to  provide  sufficient  noiSB  attenuation  to  provide  a 
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comfortable  rest  environment  for  its  patrons.  The 
importance  of  the  engineer’s  rale,  in  conjunction  with 
the  above  mentioned  programs,  is  readily  apparent.  He  is 
obligated  to  provide  his  client  with  an  environment 
sufficiently  quiBt  for  thB  usb  of  thB  building,  and  as 
quiet  as  is  commensurate  with  thB  budget.  To  do  this,  he 
must  be  aware  of  the  following: 

11  The  fundamentals  of  sound, 

33  and  thB  various  metrics  available  tD  measure 
the  affects  of  aircraft  noise. 

The  metrics  available  far  use  can  be  further  classified 


13  Single  Event  Maximum  Sound  LbvbI 
53  Single  Event  Energy  Dosb 
33  Cumulative  Time  Metrics 
43  and  Cumulative  Energy  Average  Metrics. 

ThBSB  factors  are  the  subject  of  and  constitute  the 
organization  of  this  special  topic  report. 
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CHAPTER  5  FUNDAriENTALS 


5.1  PROPERTIES  OF  SOUND 

To  understand  the  various  noise  metrics  used  to  rate 
the  annoyance  potential  of  aircraft,  one  must  First 
understand  the  basic  properties  of  sound.  Sound  may  bB 
produced  in  many  mays  but  is  usually  established  by  some 
vibrating  body.  ThesB  vibrations  cause  very  small  pres¬ 
sure  Fluctuations  in  thB  air.  IF  thBse  pressure  Fluc¬ 
tuations  are  detected  by  thB  human  Bar,  they’re  perceived 
as  sound.  UJe  can  classiFy  this  sound  as  being  wanted, 
desirable,  or  unwanted.  It  is  this  unwanted  sound  we 
normally  refer  to  as  noise. 

When  sound  is  produced,  it  is  propagated  in  the  Farm 
aF  a  longitudinal  wave.  This  is  bBst  described  by  making 
an  analogy  to  the  ripples  produced  uihen  tossing  a  pBbble 
into  a  pond  aF  water .  ThB  crest  oF  each  wave  can  be 
likened  to  the  compression  stagB  dF  a  sound  wovb  whilB 
thB  valley  is  the  decompression  or  rareFactian  stage. 
The  distance  betwBBn  any  two  adjacent  crests  is  thB  wave¬ 
length.  The  number  oF  thBSB  waves,  or  cycles,  produced 
each  second  is  the  Frequency  aF  the  sound  in  cycles  pBr 
second;  more  commonly  rBFBrred  to  as  hertz.  The  audible 
range  oF  a  hBalthy  young  person  is  typically  SO  Hz  to 
50,000  Hz.  The  Frequency  and  the  wavelength  are  related 
by  the  expression: 


W  ':«*«  "5  W  'J-'  *V'i^  U ■  V  v V“» ir“ ir1 vr T' v* v* y'*' vx v*  V"«  w w w v>  v~vw w \ ~«  w w\ *j w 


where:  X-wavBlength 

F-F  rBquency 
c“spBBd  oF  sound 


Ub  con  also  relate  Frequency  ’F’  to  the  angular 
Frequency,  ’w’,  by  the  expression  F”w/2tt.  By  making  a 
substitution  For  ’F’,  wb  can  writB: 

2ttc  _  2tt 
X“  w  k 

-1 

uhere:  k=wave  number  CFt  1 


The  signiFicance  aF  the  wave  number  will  bB  discussBd 

later.  Figure  2.1  is  a  graphic  portrayal  oF  sound  waves. 

The  height  oF  each  wovb  is  thB  pressure  amplitude 

and  is  partially  responsible  For  thB  subjective  sensation 

aF  loudness.  IF  we  were  ablB  to  install  some  pressure 

sensitive  device  same  distance  From  the  point  aF  impact 

aF  the  pBbble,  we  could  measure  thB  pressure  oF  a  ripplB 

aF  watBr  at  that  point.  The  same  is  true  aF  a  sound 

wave;  and  the  human  auditory  system  is  such  a  pressure 

sensitive  device.  The  human  Bar  will  detect  sound  pres- 

-g 

sures  as  law  as  2.3x10  psi .  This  is  known  as  the 
threshold  oF  hearing  and  commonly  expressed  in  SI  units 
as  0.00002  Pascals  CPal  .  The  maximum  sound  pressure  a 
human  can  tolerate  is  20  Pa,  commonly  rBFerrBd  to  as  the 


threshold  aF  pain.  NotB  thB  diFFerBnce  in  magnitude  oF 
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Figure  2.1  Sound  waves  resulting  from:  (a)  a  constant 

vibration  (b)  two  impulses  of  differing  magnitude. 
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these  numbers  is  an  the  order  of  one  million. 


Working 


with  numbers  af  this  magnitude  can  bB  VBry  cumbersome. 
It’s  also  difficult  to  maintain  an  intuitive  fBeling  of 
loudness.  For  these  reasons,  the  decibel  scale  was 
developed . 


The  decibel  CdE]  scale,  illustrated  in  Figure  2.2, 


is  a  measure  of  sound  pressure  IbvbI  C SPL 3  and  represents 
a  ratio  of  a  sound  pressure  to  some  reference  pressure. 
The  internationally  accepted  reference  standard  is  the 
threshold  of  hearing.  Sound  pressure  level  is  expressed 


as : 

SPL“20Lag10CP/Po] 


where :  P-saund  pressure  to  be  measured 

Pa-.  00002  Pa 

Since  the  decibel  is  logarithmic,  an  80  dE  SPL  isn't 
twice  as  loud  as  a  40  dB  SPL.  Using  the  above  equation, 
ar  referring  to  figure  2.2,  it’s  easy  to  verify  80  dB  has 
a  sound  pressure  100  times  as  great  as  40  dB!  Doubling 
the  sound  pressure  only  results  in  a  B  dB  increase  in 
sound  pressure  level.  It’s  also  important  to  note  the 
addition  of  two  sound  prBssurB  levels  is  not  algebraic . 
Ta  add  two  ar  marB  sound  pressure  IbvbIs,  use  the 
relation : 

5PL-10Log10C10dB/10+10dB/10+. . .+10dB/1°3 
A  convenient  alternative  is  provided  in  figure  2.3. 

Occasionally,  it  may  be  necessary  to  subtract  sound 
levels.  This  may  occur  if  you  know  the  sound  level  in  an 
environment  with  a  certain  machine  running  and  wish  to 
calculate  the  contribution  of  the  machine.  To  do  this, 
you  must  subtract  the  ambient  sound  level  [sound  level  in 
roam  with  machine  affl  from  the  total  sound  level  with 
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the  machine  running  . 


he  equation  Far  subtracting  sound 


levels  is  similar  ta  thB  one  above. 


SPL-10Log10[10dB/1Q-10dB/1°- 


.-!0dB/10D 


Difference  bBtujBBn  Decibels  to  be 

levels  to  be  added  to  subtracted  From 

added/subtractBd  higher  oF  two  IbvbIs 


0 

3.01 

0.5 

2 . 7B 

9  .  B4 

1 .0 

2.54 

B.B7 

1  .5 

2.32 

5.35 

2.0 

2.12 

4.33 

2.5 

1 .94 

3.59 

3.0 

1.75 

3.02 

3.5 

1  .B0 

2.57 

4.0 

1  .45 

2.20 

4.5 

1 .31 

1.90 

5.0 

1  .  IB 

1 .65 

5.5 

1 .0B 

1 .44 

B.O 

0.97 

1 . 2B 

7 

0.7B 

0.97 

B 

0 .63 

0.75 

9 

0.51 

0.5B 

10 

0.41 

0 .46 

11 

0.33 

0 .3B 

12 

0.27 

0 ,2B 

13 

0.21 

0.22 

14 

0 . 17 

0  .  IB 

15 

0.14 

0 . 14 

IB 

0.11 

0 .11 

17 

0.09 

0.09 

IB 

0.07 

0.07 

19 

0 .06 

0 . 06 

20 

0.05 

0.04 

24 

0.02 

0.02 

EXAHFLE:  Add  a  50  dB  noise  ta  45  dB  ambient.  ThB  diF- 
Ference  between  thB  two  levels  is  5  dB .  ReFering  to 
column  two,  add  1  .  IB  dB  ta  the  highest  IbvbI  .  Thus, 
50  dB  +  1.1B  dB  *  51. IB  dB  combined  level. 

EXAHPLE:  Subtract  an  ambient  IbvbI  aF  45  dB  From  a  total 
level  oF  51  dB .  ThB  diFFerencB  between  the  two  IbvbIs  is 
5  dB .  ReFsring  ta  column  three,  subtract  .37  dB  From  the 
highest  level.  Thus,  the  contributing  noise  source  has  a 
level  aF  51  dB  -  0.97  dB  -  50  dB 


Figure  2.3  Finding  the  result  oF  combined  noisB  levels 
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L.alumn  3  or  figure  2.3  is  the  number  of  decibeis 
subtracted  from  the  total  level  to  determine  the  actual 
contribution  of  a  noise  source.  However ,  lF  the 
difference  between  the  total  noise  level  and  ambient  is 
less  than  3  dB ,  the  ambient  level  is  to  high  to  get  an 
accurate  reading  and  another  method  of  finding  the  degree 
of  contribution  must  be  used. 

A  useful  aspect  of  the  decibel  scale  is  a  better  ap¬ 
proximation  to  our  perception  of  relative  loudness.  This 
is  because  the  ear  reacts  logarithmically  to  variations 
in  sound  pressure.  However,  the  concept  of  loudness  is 
very  subjective  and  the  decibel  scale  is  not  a  precise 
model  .  UJe  noticed  above  a  S  dB  increase  in  sound 
pressure  level  results  in  a  doubling  of  thB  actual  sound 
pressure.  But  the  ear  doesn’t  recognize  this  as  a 
doubling  of  loudness.  It  takBS  a  full  10  dB  increase  in 
sound  pressure  level  far  us  to  consider  the  sound  to  have 
doubled  in  loudness;  a  6  dB  increase  results  in  a 
discernible  difference  in  loudness;  while  a  3  or  4  dE 
increase  is  barely  perceptible. 

Loudness  is  defined  as  thB  magnitude  of  the 
sensation  of  a  sound  and  is  a  function  of  both  the  SPL 
and  its  spectral  distribution.  By  this  definition  alonB, 
one  can  perceive  the  subjective  quality  of  loudness. 
Even  so,  loudness  and  loudnBss  level  have  been  quantified 
through  the  use  of  the  phon  and  sane  scales.  The  phan 


radiating  sound  at  ’F'  watts  of  power  uniFarmly  in  three 


dimensions.  In  this  case,  sound  power  denotes  the  total 
amount  of  sound  energy  radiated  hy  a  source  per  unit 
time.  It  is  usually  expressed  in  Joules  per  second,  more 
commonly  known  as  watts.  This  concept  is  analogous  to 
the  expression  of  the  rate  of  Flow  oF  heat  or  electrical 
energy  which  is  also  expressed  in  watts.  IF  we  imagine  a 
sphere  oF  radius  ’  R’  and  surface  area  4ttR^  surrounding 
this  point  source,  we  can  determine  the  amount  o F  power 


being  generated  per  unit  area 


‘his  is  called  the 


intensity  CI3  oF  the  sound  and  is  mathematically 


described  as: 


I  “P/4ttR 


It’s  clear  the  intensity  of  a  sound  SDurcB  varies 
inversely  with  ths  square  of  thB  distance.  This  is  known 
as  thB  inverse  square  law.  Now  let’s  BxprBss  sound 
intensity  level  in  decibels  by  thB  relation: 

IL-10Log1CJCI/I.3 

where:  Ia"An  internationally  accepted  reFerencs  standard 

-12  2 
oF  10  W/m 

To  evaluate  the  change  in  Intensity  Level  in  decibels 
between  two  paints  at  distances  R^  and  R_,  From  thB  point 
source,  we  can  simply  take  ten  times  the  logarithm  oF  the 
ratio  oF  the  two  intensities.  By  lstting  R^-BR^ ,  and  by 
arbitrarily  deFining  the  SPL  at  distance  as  a 

ruFuruncs  level,  we  can  write: 
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P/4tt  C  2R .  ]2 

IL  -lOLog  - 5 - -10LogC.253  —  B  dE 

c  iu  P  /  4  n  R  ^ 

Thus,  uib  con  ssb  that  ths  intensity  IbvbI  of  o  sound 
source  dscrBOSBS  by  5  dB  ujith  o  doubling  of  distancs. 
Conversaly ,  it  will  incrsoss  by  G  dB  with  Bach  halving  of 
distancs.  Ths  corresponding  change  in  sound  pressure 
IbvbI  can  bB  calculatBd  in  thB  sane  mannsr  and  with  thB 
some  results.  ThBss  ore  variations  of  tha  invsrss  square 
rslatianship  and  ors  valid  only  if  thB  source  qualifiss 
as  a  point  source. 

A  sound  saurcB  may  bs  considered  a  point  source  if 
Lhu  distance  from  the  source  is  large  in  relation  to  the 
size  af  thB  source.  Ule  have  Just  sbbh ,  for  a  paint 
source,  the  sound  intensity  IbvbI  and  sound  pressure 
IbvbI  smanoting  from  the  source  is  inversely  proportional 
to  thB  distance  from  the  saurcB  in  accordance  with  the 
inverse  square  law.  IF,  for  a  spherical  source  with 
radius  ’s’,  the  inverse  square  relation  holds  true,  and 
the  product  of  the  radius  of  the  source  and  thB  wave 
number  is  much  less  than  one,  Cks«13,  then  the  source  may 
be  considered  a  point  saurcB.  In  this  discussion  of 
aircraft  noise,  the  radial  distances  From  thB  aircraft  we 
are  concerned  with  are  measured  in  tBrms  of  miles.  UndBr 
these  circumstances,  aircraft  can  be  considered  as  point 
sources . 

When  detail  is  required  in  measuring  sound  pressure 
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levels,  the  sound  source  is  analyzed  in  single  or 
□ne-third  octave  hands.  An  octave,  in  this  context,  is 
the  frequency  interval  between  two  frequencies  having  a 
ratio  of  5:1.  The  first  octave  starts  at  35.55  Hz  and 
keeps  doubling  to  15,000  Hz;  the  highest  practical  and 
usable  octave.  A  one-third  actavB  band  is  thB  frequency 
interval  between  two  frequencies  with  a  ratio  of  1.55:1. 
It’s  used  when  a  single  octave  can’t  provide  the  degree 
of  detail  necessary  for  a  sound  spectrum  analysis. 

Sound,  Just  as  light,  is  subject  to  thB  phenomena  of 
refraction.  You  have  probably  noticed  thB  refraction  of 
light  while  looking  into  a  stream  Df  clear  water .  The 
image  of  an  object  at  the  bottom  of  a  stream  appears 
closer  to  you  than  it  actually  is.  This  is  due  to  thB 
difference  in  the  index  of  refraction.  In  other  words, 
since  water  is  mare  dense  than  air,  thB  speed  of  light  in 
water  is  somewhat  slower  than  it  is  in  air  causing  the 
light  ray  to  bend  toward  you.  This  is  why  thB  object 
appear  closer  than  it  is.  This  phenomena  obeys  Huygen’s 
principal  and  is  illustrated  in  figure  5.4a.  ThB  same 
basic  principle  holds  for  sound.  The  speed  of  sound  in 
air  varies  with  temperature  and  humidity.  The  effects  of 
humidity  arB  very  small  and  usually  neglected,  while  an 
increase  in  temperature  will  cause  an  increase  in  the 
speed  of  sound.  ThB  spsBd  of  sound  can  be  found  by  thB 
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inhere:  P. -atmospheric  pressure  [varies  with  elevation 
and  weather] 

D-air  density  [vanes  as  temperature  and  elevation] 

Note  the  speed  of  sound  varies  as  atmospheric  pressure 
and  density,  which  in  turn  are  dependent  upon  elevation 
and  temperature,  A  simpler  expression  relating  the  speed 
of  sound  to  temperature  only  is: 

c“4B . 9SCT+459 . 673 ^ 

Far  most  calculations,  thB  spBed  of  sound  is  assumed  as 
1130  Fps  at  72  ‘i=  .  To  see  these  effects  in  practice, 
consider  figures  2.4b  and  2.4c.  The  first  illustration 
shows  a  stratified  atmosphere  with  warm  air  layered  on 
top  of  cooler  air.  As  the  sound  travels  up,  it  begins  to 
speed  up  as  it  passes  through  warmer  air.  This  causes  it 
to  bend,  or  refract,  downward.  In  the  second 
illustration,  coal  air  is  layered  on  tap  of  warm  air.  In 
this  case,  sound  will  begin  to  slow  as  it  passes  through 
cooler  air  and  refract  upward. 

Sometimes  confused  with  refraction  is  the  principle 
of  diFFraction.  Diffraction  is  the  deviation  of  a  wavB 
From  a  straight  line.  Again  using  light  as  an  analogy, 
consider  thB  shadow  produced  by  a  single  point  source  of 
light  as  you  hold  your  hand  near  a  surface.  ThB  shadow 
is  crisp  with  no  ragged  Bdges .  But  when  you  pull  your 
hand  away  from  the  surface  and  cIosbt  to  thB  light,  the 
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shadow  becomes 

fuzzy  . 

This  is  because 

thB 

light  has 

dif f ractBd 

or 

bBnt 

around  thB 

edge 

of 

your  hand . 

Diffraction 

of 

sound 

happens  in  thB 

same 

manner .  It  is 

mast  apparent  when  passing  through  openings  or  traveling 
around  objects.  ThB  amount  of  diffraction  depends  an  the 
s i zb  of  ths  opening  or  object  in  relation  to  the 
wavelength.  As  a  wave  front  contacts  a  largB  object 
CrelativB  to  its  uiavBlBngth]  ,  little  sound  will  enter  the 
region  bBhind  the  abJBct  and  a  shadow  region  is  formed. 
A  small  object  will  provide  littlB  obstruction  and  the 
sound  will  continue  almost  ns  if  there  was  no 
interference.  The  passage  of  sound  through  an  opening  is 
similar.  If  the  opening  is  small,  a  wave  front  striking 
the  apsning  will  be  heavily  diffracted.  ThB  waves 
emanating  from  the  opening  will  takB  the  form  of  a 
spherical  wave.  Thus  the  opening  will  act  as  a  point 
source  when  transmitting  the  incident  sound.  These 
concepts  are  illustrated  in  figure  2.5. 


The  vast  majority  of  the  noise  generated  from  an 
airport  is  from  jet  aircraft  Cas  apposed  to  propeller 
driven  aircraft] .  There  are  two  principle  sources  of 
sound  from  a  jet  engine:  exhaust  noise  and  fan/compressor 
noise.  The  exhaust  noise  is  a  result  of  the  high  veloc¬ 
ity  exhaust  gases  passing  through  ambient  air  inducing  a 


-IB- 


I 


INCIDENT 

PLANE 

WAVES 


(b) 

incident 
plane  waves 

V 


INCIDENT 

PLANE 

WAVES 


large  shear  stress  in  the  surrounding  air.  The  resulting 
sound  energy  cavers  a  wide  range  oF  Frequencies.  Exhaust 
noisB  increases  aFter  the  passing  aF  an  aircraFt  and 
reaches  a  maximum  at  a  point  about  135°  From  the  nose  oF 
the  aircraFt.  Probably  the  most  annoying  sound  From  a 
jet  engine  is  the  high  Frequency  whine  or  screech.  This 
is  a  result  aF  thB  turbo-machinery  oF  the  Jet  engine. 
ThesB  sounds  may  also  cover  a  wide  Frequency  range  and 
usually  contain  high  Frequency  pure  tones;  which  are  par¬ 
ticularly  annoying  to  the  human  Bar. 

Since  an  aircraFt  must  use  maximum  thrust  during 
takeaFF,  this  is  also  when  thBy  ore  most  noisy.  ThB  SPL 
aF  the  noise  heard  depends  on  thB  source  and  the  distance 
the  observer  Ls  From  the  source.  So  it’s  important  Far  a 
planB  to  reach  as  high  an  altitude  as  possible  bBForB  it 
overFlies  a  noise  sensitive  area.  At  certain  airports, 
Flight  tracks  may  bB  adjusted  to  rBduce  the  noise  impact 
an  surrounding  communities.  Another  procedure  is  For  thB 
aircraFt  to  cutback  on  power  while  overFlying  a  sensitive 
area.  However,  this  means  thB  aircraFt  may  expose  oreos 
Further  away  From  the  runway  to  higher  IbvbIs  aF  noise. 
One  begins  to  realize  thB  importance  aF  sound  insulation 
to  support  thB  operational  techniques  oF  reducing  thB 
intrusion  aF  aircraFt  noise. 

Landing  aircraFt  produce  less  noise  because  oF  thB 
lesser  power  requirements.  But  thB  whine  oF  thB  turbo- 


machinery  is  still  an  annoying  intrusion.  Since  aircraft 
descent  typically  begins  5  to  10  miles  From  the  airport 
along  a  straight  3°  glidBSlope,  there  is  less  of  an 
opportunity  to  alter  flight  tracks  to  decrease  the 
effects  of  this  intrusion.  Therefore,  landing  aircraft, 
although  less  noisy  than  those  taking  off,  mill  increase 
sound  levels  an  the  ground,  possibly  affecting  noise 
sensitive  areas  with  little  recourse  For  decrease  through 
changes  in  operational  technique.  Again,  this  only 
strengthens  the  requirement  far  good  acoustical  design 
and  construction  techniques  to  provide  an  acceptable 
interior  noise  environment. 

To  define  the  affected  areas  and  show  thB  dBgrBe  of 
impact,  several  noise  metrics  and  thB  FAA  integrated 
noise  model  CINff]  uera  developed.  ThBSB  models  arB 
available  to  the  general  public  in  thB  farm  of  noise 
contour  maps.  ThesB  maps  prove  a  great  tool  far  land  usb 
planning  and  noise  impact  assessments.  Thess  metrics  and 
the  INM  are  described  next. 


CHAPTER  3  THE  NOISE  METRICS 


L  SINGLE  EvENT  hAXiriL’n  SOUND  LEVEL  METRICS 

All  acoustical  metrics  are  comprised  of  three  basic 
components:  11  sound  pressure  level  in  dB,  El  frequency 
or  pitch,  and  31  time.  The  sound  pressure  levels  of 
various  frequencies,  determined  for  a  given  point  in 
time,  form  a  fingerprint  of  the  sound.  The  A-weighted 
sound  level  is  consistently  used  as  the  single  event 
maximum  sound  level  metric  and  is  also  used  for  noise 
certification  of  small  propeller  driven  aircraft.  It 
attenuates  high  and  law  frequency  noise  in  accordance 
with  the  40  phon  equal  loudness  contour.  This  scale  was 
originally  developed  to  reflect  the  ear’s  response  to  low 
sound  pressure  IbvbIs,  typically  below  55  dB .  But  over 
the  yBars, it’s  proven  to  correlate  well  to  the  response 
of  the  human  ear.  As  a  result,  this  network  is  used 
almost  exclusively  in  all  types  af  sound  pressure  level 
measurements.  The  B-weightBd  and  C-weighted  networks 
werB  developed  at  thB  samB  time  as  the  A-weightBd 
network.  ThB  B-weighted  network  also  attenuates  high  and 
law  frequency  noise  but  does  so  following  the  70  phon 
equal  loudness  contour.  It  was  intended  to  approximate 
the  ear’s  tf spanse  at  medium  SPL’s.  The  C-weighted 
network  is  essentially  linear  and  was  intended  to 
approximate  the  ear’s  response  at  high  SPL’s.  Extensive 
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field  use  proved  the  A- we ighting  more  accurate  then 


either  the  B-  or  C-weighting.  The  D-  and  N-weighted 
networks  were  developed  far  use  in  measuring  aircraft 
noise.  These  networks  are  frequency-filtered  to  reduce 
the  effects  of  low  frequency  noise  and  to  recognize  the 
increased  annoyance  levels  associated  with  higher 
frequencies.  The  N-weighting  is  a  direct  approximation 
of  the  Perceived  Noise  LbvbI  [discussed  next].  The 
D-weighting  is  the  same  as  the  N-weighting  except  at  a 
level  of  7  dB  lower.  It’s  found  more  frequently  on  sound 
level  meters  than  the  N-weighting  and  is  used  to 
approximate  Percsived  Noise  Level  by  the  following 
equation : 

PNL-dBC  D  3  +7 

The  fl,B,C,D,  and  N  weighted  networks  are  tabulated  in 
figure  B.lCb]  and  depicted  graphically  in  figure  3.1Ca3. 
Using  these  figures  and  an  octave  or  one-third  octave 
band  analysis,  the  weighted  or  unweighted  sound  level  of 
any  source  may  be  calculated.  The  available  analysis  may 
be  weighted  or  unweighted.  Far  example,  the  sound 
pressure  levels  listBd  in  figure  2.2  are  unweighted.  Tc 
calculate  thB  A-wBightBd  SPL,  algebraically  add  thB 
A-wBightings  from  figure  B.lCb]  to  the  SPL  af  each 
octave  band  to  obtain  an  A-weighted  SPL  by  octave  band. 
Add  these  levels  logarithmically  to  obtain  the  overall 
A-weighted  SPL. 
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FIGURE  3 . 1 C  q I 
networks 


A  graph  of  the  A,B,C  and  D-weightBd 
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and  N  weighting; 


Although  thB  A-weightBd  network  corrBlatBS  wbII  with 
the  human  ear,  it  daBsn ’ t  take  into  affect  the  annoyance 
level  of  aircraft  noise.  We  are  especially  sensitive  to 
sounds  in  the  500  Hz  to  4000  Hz  range.  This  phenomena 
was  apparent  in  1353  whBn  BaBing  introduced  thB  707-130. 
At  the  time,  BaBing  claimed  Jet  aircraft  wbtb  no  more 
noisy  than  propel ler-drivBn  craft.  This  allegation  was 
based  an  the  fact  the  overall  SPL ’ s  of  thB  jet  aircraft 
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and  propeller-driven  aircraft  ujBre  identical. 


Yet  people 


perceived  the  Jet  aircraft  ta  be  louder.  The  answer  was 
in  the  spectral  distribution  of  the  two  different  sounds. 
The  jet  produced  higher  SPL’s  in  the  mare  annoying 
frequency  range  than  thB  propeller-driven  aircraft.  This 
prompted  K.O.  Kryter  to  develop  the  perceived  noise  level 
CPNLdB3  as  a  single  number  measure  to  relate  the  actual 
physical  measure  of  noise  to  the  subjective  feelings  of 
annoyance  of  that  noise.  Its  evaluation  requires  an 
octave  or  one-third  octave  band  analysis  with 
instantaneous  measurements  of  SPL’s  in  the  various  bands 
at  half-secand  intervals.  ThesB  frequency  intervals  arB 
weighted  according  ta  the  amount  of  annoyance  percB 1 vBd 
using  thB  subjectively  derived  noy  scale.  The  noy  scale 
rates  the  annoyance  of  a  sound  in  nays  as  a  function  of 
frequency  and  sound  pressure  level .  A  standard  nay  table 
is  provided  in  the  appendix.  The  PNL  of  a  band  analysis 
is  determined  from  the  fallowing  equations. 


PNLCk]-40 .0+33 .52xLag10CNCk] 3 , 
For  an  octave  band  analysis: 


N C k 3 "0 . 7n  +.3Enr  ,  , 

Ck3  Ci , k3 

Far  a  onB-third  octave  band  analysis: 


nC  i 


NCk3-O.05nCk3- 


15En 


C  i  ,  k3 


k3-perceived  noisiness  values 
in  nays  for  the  ’ i ’ th  oc¬ 
tave  band  during  the  ’k’th 
time  interval 


PNdB 


ntkJ_lDrQBSt  oF  nu,k]  uolues 


PNL  con  also  be  approximated  with  thB  relation: 

PNL^dBA+14 

To  get  an  idea  of  the  difference  between  SPL's  and 
PNL’s,  some  common  noises  and  their  respective  levels  are 
tabulated  in  figure  3.2.  A  comparison  of  a  jBt  airliner 
at  takBoff  with  a  propeller-driven  aircraft  at  takeoff  is 
shown  in  figure  3.3.  Note  the  high  SPL’s  in  the  high 
frequency  range  for  thB  Jet  airliner  vs.  the  Electra. 
This  difference  becomes  very  important  when  you  realize 
the  average  human  ear  can  tolerate  law  frequency  noise 
about  30  db  higher  than  high  frequency  noise.  Using  the 
procedure  outlined  in  section  2.1,  it’s  easy  to  verify 
thB  overall  SPL  of  each  aircraft  at  104  dB .  Using  the 
nay  table  in  appendix  A,  we  find  the  sum  of  thB  noy 
indices  far  the  Jet  airliner  is  337  nays  with  a  maximum 
of  33  noys .  The  Electra  has  a  total  noy  valuB  of  155 
nays  and  a  maximum  of  42  nays.  Using  thB  above  equation, 
this  calculates  to  115  PNdB  and  102  PNdB  respectively. 
The  PNL  scale  readily  indicates  the  obvious;  JBt  aircraft 
are  more  annoying  than  propBl ler-driven  aircraft.  ThBSB 
values  are  used  to  develop  PNL  contour  plots  far  an 
aircraft.  An  example  of  such  a  plot  is  shown  in 
f igure  3.4. 

Since  the  PNL  scale  is  based  on  the  dB  scale,  an 
increase  of  10  PNdB  results  in  a  doubling  of  the  sub¬ 
jective  sensation  of  noisiness.  It  also  suggests  an 
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Figure  3.2  Comparison  of  SPL  and  PNL 


EXAMPLE  OF  USE  CF  PERCEIUED  NOISE  LEUEL 
FOR  COMPARING  NOISE  FRDM  TWO  TAKEOFFS 


DATA  MEASURED  AT  TAKEOFF 
Octave  bands  of  frequency  Commercial 

in  cycles  pBr  second  jBt  Electro 
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Figure  3.3  Comparison  of  the  Sound  Pressure  LbvbIs  and 
PBrcBived  Noise  LbvbIs  of  two  aircraft 

equivalent  increase  in  overall  5PL .  This  fact  can  bB 
used  to  advantage  in  approximating  sound  insulation 
requirements  far  a  building  far  programming  purposes.  If 
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Effective  Perceived  Noise  Level  Contour 


a  PNL  contour  plat  is  available,  you  can  Find  the  PNL  at 


a  building  site.  By  knowing  thB  desired  interior  level 
in  dBA,  use  the  above  equation  to  express  this  interior 
level  in  PNL.  The  difference  between  this  level  and  the 
exterior  level  in  PNL  will  be  thB  required  transmission 
lass  . 

Sines  thB  human  ear  is  sensitive  to  pure  tonas, 
corrections  to  account  far  this  was  applied  to  PNL 
resulting  in  the  tone  corrected  perceived  noise  level 
CPNLT1.  The  procedure  requires  a  one-third  octave  band 
spectrum  analysis  of  a  naisa  event  for  each  one-half 
second  of  duration.  Each  band  is  checked,  through  an 
iterative  process,  to  determine  an  effective  SPL  of  the 
pure  tone  at  Bach  band  if  it  Bxists.  For  frequencies 
below  500  Hz  and  above  5000  Hz,  the  applied  correction  15 
.17  dB  per  decibel  of  effective  SPL  the  pure  tone  exceeds 
the  actual  SPL  at  that  band.  All  other  frequencies 
receive  a  correction  of  .34  dB  pBr  decibBl  effective  SPL. 
The  largest  correction  of  all  34  one-third  octave  bands 
is  the  only  correction  added  to  the  PNL  to  obtain  the 
PNLT  far  the  one-half  second  time  interval.  This  process 
is  repeated  for  Bach  one-half  second  of  duration  and  the 
results  plattBd  as  a  PNLT  curvs  representing  the  entire 
time-history  of  the  event.  This  procedure  is  outlined  in 


detail  in  FAR  35. 


3,5  SINGLE  EUENT  ENERGY  DOSE  METRICS 


I 


During  the  studies  of  annoyance  levels  oF  aircraft 
naisB,  examiners  noticed  people  rated  Flyovers  of  long 
duration  as  mare  annoying  than  those  of  short  duration. 
This  prompted  the  addition  aF  a  duration  correction 
Factor  Far  the  PNLT .  The  resulting  annoyancs  rating  is 
coined  the  effective  perceived  noise  level  CEPNL1  and  is 
mathematically  described  as: 

EPNL-PNLTM+D 

uhere:  PNLTM-flax imum  PNLT  value  over  thB 

duration  of  thB  Bvent 

□“duration  correction  Factor 

“10Lag10CE10PNLTCk3/1°:-PNLTn-13 

The  duration  of  the  event  is  based  on  thB  total  time  the 
aircraft  is  within  10  dB  of  maximum  PNLT.  Due  tD  the 
considerations  aF  pure  tones  and  duration,  EPNL  can’t  be 
used  effectively  Far  determining  sound  insulation 
requirements  For  buildings.  But  it  is  considered  a  very 
accurate  descriptor  of  thB  annoyance  of  aircraft  noise. 
It’s  currently  specified  by  Federal  Aviation  Regulation 
Part  3B  CFAR  3BD  For  usb  in  certifying  noise  levels  of 
Foreign  and  domestic  aircraft.  The  EPNL  For  a  given 
aircraft  is  platted  to  give  a  total  noise  Footprint  For 
the  aircraft  during  takeoFFs  and  landings.  Examples  of 
such  plots  are  shown  in  Figures  3.4  and  3.5.  Plots  of 
EPNL  wars  used  to  develop  thB  Noise  Exposure  Forecast,  a 
cumulative  energy  average  metric  described  in  3.4.5. 


raw 
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Another  single  event  energy  dose  metric  in  use  toddy 
is  the  sound  exposure  level  [SEL3.  It  was  first 
developed  in  IShO  as  the  Single  Evenc  Noise  Exposure 
Level  CSENEL]  and  used  to  calculate  the  Community  Noise 
Equivalent  Level  CCNEL]  described  in  section  3.4.4.  In 
197E,  the  name  was  changed  to  SEL  and  it  was  adopted  as 
the  single  event  noise  measure  in  developing  the  EPA 
proposed  Day-Night  Sound  LbvbI  described  in  section 
3.4.3.  SEL  is  thB  A-ueighted  sound  level  of  an  event 
integrated  aver  its  duration  and  normalized  to  a 
reference  duration  of  one  second  as  illustrated  in 
figure  3.6.  The  one  second  reference  duration  acts  as  a 
common  denominator  allowing  the  addition  of  several 
events  of  varying  total  durations.  When  calculating  SEL, 
sufficient  accuracy  is  obtained  by  defining  duration  as 
the  time  the  event  is  within  10  dBA  of  its  maximum 
A-weighted  sound  level.  For  SENEL,  thB  threshold  is 
30  dEA .  hathemat ica 1 ly  defined: 


SEL-lOLog  Cl/t.  f  10dBAC ] 7 10  dt] 

t. 

where:  t0“RBferencB  duration  of  one  second 


tt“Beginning  of  event 


tj-End  of  event 


dBAC t 3- I nstantaneaus  SPL  of  event  at  time  t 
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In  practice,  the  integral  sign  is  replaced  by  a  summation 


sign  and  SEL  is  calculated  at  discrete  intervals  cf 
□ne-half  second  or  less. 

Although  the  SEL  calculation  appears  relatively 
easy,  there  are  a  multitude  of  variables  to  affect  it. 
These  variables  are  classed  by:  Aircraft  type,  hade  of 
operation,  and  Distance, 

Aircraft  type  not  only  includes  the  model  af 
aircraft,  but  also  the  type  of  engine  installed.  ThE 
main  concern  is  takeoff  thrust  requirements  since  this 
affects  the  aircraft  SEL.  Aircraft  type  is  only  a 
partial  determinant  af  the  amount  af  thrust  necessary  far 
takeoff.  Takeoff  thrust  also  dBpBnds  on  the  gross  weight 
af  the  aircraft  at  takeoff.  This,  in  turn,  is  dependent 
an  the  amount  af  cargo  on  board  and  the  aircraft’s  stage 
length  C length  of  trip! .  Stage  length  is  important 
because  it  determines  the  amount  of  fuel  the  aircraft 
will  carry,  which  affects  aircraft  weight  and  returns 
full  circle  to  takBoff  thrust  requirements.  Thus, 
aircraft  type  and  stagB  length  constitute  the  first  two 
variables  affecting  SEL. 

hade  af  operation  refers  to  takeoff  and  landing 
operations.  SEL’s  for  each  of  these  conditions  will 
depend  an  the  takeoff  and  landing  procedures  at  a 
specific  airport.  The  mast  common  procedures  are: 
Standard  Takeoff,  Northwest  Orient  Airlines  Noise 
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Abatement  Takeoff,  FAR  36  Takeoff,  Standard  Landing 
Approach,  and  the  Tujo  Segment  Landing  Approcch  . 
Additionally,  certain  airports  may  have  their  own 
procedures  based  on  their  developed  community  noise 
abatement  program.  Landing  procedures  are  usually  based 
on  a  3°  glideslope  for  large  transports  and  a  4.5° 
giideslape  for  general  aviation  aircraft.  The  two 
Segment  approach  begins  an  a  5°  glideslope  and  ends  an  a 
3°  glideslope.  Again,  this  may  vary  with  local  noise 
abatement  policies  and  must  be  reflected  in  thB  developed 
SEL  charts . 

Distance  criteria  depends  on  modB  of  operation.  Far 
landing,  it’s  the  distance  along  the  ground  track  from 
the  point  of  intersection  of  a  line  drawn  from  a  land 
parcel  of  interest  and  perpendicular  to  the  ground  track 
to  the  landing  threshold.  Far  takBoff,  it’s  the  distance 
along  the  ground  track  from  this  same  point  to  the  brake 
release.  Figure  3.7  graphically  illustrates  this 
concept  . 

All  of  this  information  must  be  considered  while 
preparing  a  database  of  SEL  charts.  Fortunately, 
extensive  studies  have  been  done  and  thB  resulting 
database  is  readily  availa'-le  from  the  EPA  [Ref.  141. 
Figure  3.E  is  an  example  of  an  SEL  chart  for  the  FIcDonald 
Douglas  0C-10  and  Lockheed  L1011.  Note  thB  information 


in  the  upper  right  hand  corner. 


hesB  conditions  are  thB 


Sound  Level  Exposure  (SEL)  in  dB 


Oistance  from  Aircraft  Flight  Track 
Center  1 i ne  in  Feet 


FIGURE  3  .BCbD  SEL  chart  Far  a  HcDanald  Douglas  DC-10  and 
a  Lockheed  L1011  while  Landing 


-37- 


variables  far  which  this  chart  is  valid 


Like  the  PNL  metric,  5EL  can  be  tone  corrected  by 
replacing  the  dBACtl  value  within  the  integral  with  the 
instantaneous  tone  corrected  A-weighted  sound  level 
CdBATCtl].  DBATCtl  is  calculated  according  to  1 50 
reccmmendat ion  R507  ar  computed  by: 

dBAT-dBA+PNLT-PNL 

3.3  CUnULATIUE  TlflE  METRICS 

The  cumulative  time  metric  was  devised  ta  provide  a 
simple,  easy  ta  understand  metric  Far  presentation  ta  the 
layman.  This  metric  expresses  the  total  amount  of  time  a 
sound  level  in  a  particular  environment  exceeds  a 
predetermined  threshold.  Oue  to  thBir  simplicity,  thBir 
use  grew  until  1970.  About  this  time,  field  studies 
indicated  they  didn’t  accurately  assess  the  annoyance 
impact  af  aircraft  noisB,  although  they  did  possess 
several  merits  useful  far  determining  sound  insulation 
levels.  None  the  less,  they  wbtb  never  standardized  and 
the  computer  models  under  development  never  completed. 
Even  so,  instruments  intended  to  measure  aircraft  noise 
affects  are  still  being  produced  today  with  the 
capability  of  measuring  time-above.  One  of  thBSB 
metrics,  the  centile  sound  level,  is  still  used  by  the 
Federal  Highway  Department  in  assessing  the  affects  af 


The  centila  sound  descriptor  CL. 1  is  a  statistical 
metric  stating  the  percentage  of  time  a  certain  sound 
threshold  is  exceeded.  This  rating  was  developed  to 
reduce  large  amounts  of  data  to  a  descriptive  and 
manageable  form,  and  to  allow  comparison  of  annoyance 
levels  of  various  communities.  Consider  two  strip-chart 
recordings  of  two  areas  within  a  community  .  Assume  one 
indicates  an  ambient  level  of  BO  dBA  with  Frequent  5  dBA 
intrusions.  IF  the  second  has  an  ambient  level  oF  45  dBA 
and  Fewer  intrusions,  but  peaking  EO  dBA  above  ambient,  a 
direct  comparison  of  annoyance  is  diFFicult.  But  a 
statistical  analysis  stating  percentage  aF  time  Bach  area 
exceeds  a  threshold  level  simpliFies  thB  comparison. 

The  cBntilB  sound  level  is  bassd  on  a  FreB-Flowing , 
continuously  Fluctuating  noiss  soutcb  such  as  an  Bqually 
spaced,  constant  Flaw  oF  trafFic.  The  number  oF  Bvents 
contributing  ta  the  overall  noise  IbvbI  at  a  paint  is 
statistically  represented  as  a  Poisson  distribution.  But 
the  rate  aF  grawth/decay  oF  the  noise  level  aF  an 
appraaching/departing  vehicls  is  an  exponential  Function 
CFig  3.9] .  5a  it  Fallows  thB  CBntilB  IbvbIs  will  be 
exponentially  distributed.  Using  this  statistical 
method,  one  can  analyze  data  obtained  From  an  observation 


period  to  determine  centile  levels.  Another  method  is  to 
record  the  sound  levels  on  a  strip-chart  and  manually 
construct  a  histogram  to  indicate  what  percentage  of  time 
the  noise  level  is  within  a  senes  of  ranges;  say  at 
5  dBA  increments.  Then  it's  a  simple  matter  of  adding 
the  results  of  the  histogram  to  determine  cumulative 
levels;  the  centile  levels.  There  are  also  sound 
measurement  instruments  available  to  do  these 
calculations  automatically.  A  standard  observation 
period  af  one  hour  is  typical  to  retrieve  accurate 
results . 

Still  another  method  of  estimating  centile  levels  is 
discussed  by  Rettinger  CRef.  3D  and  rewritten  here  in 
brief.  This  method  uses  the  basic  principles  of  geometry 
and  acoustics  to  develop  a  general  relationship  for 
estimating  centile  IbvbIs. 

Referencing  figure  3.S,  assumB  an  observer  is  a 

distance  Y  from  an  equally  spaced  constant  flaw  of 

vehicular  traffic.  SincB  the  vehicles  are  considered 

point  sources,  the  inverse  square  law  applies.  Thus,  the 

sound  level  contribution  from  a  single  vehicle  at  any 

point,  a  distance  D  from  the  observer,  is  the  difference 

between  the  maximum  sound  IbvsI  at  distance  Y  and  the 

inverse  square  attenuation  due  to  the  algebraic 

E  E  '■*> 

difference  between  □  and  Y.  Since  D-CX  +Y  ]  ,  the  sound 

level  heard  by  the  observer,  L0 ,  can  be  written  as: 


«70d8A» 
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60d8  A 


cn*S6d8A 


FIGURE  3.9  A  typical  plot  of  A-uiBighted  sound  pressure 
level  vs.  time  for  a  vehiclB  passby 


L  -Lmcx-20LQSlO  9 


.  CX^Y*D 

■Lmax"20La9lO  - "" 


■Lmax-10LQSlO  C1+C?3  3 


By  letting  U  represent  vehicle  speed  in  milBS  per  hour, 
the  distance  X,  in  FBBt,  con  be  defined  os  1 . 4B7xUxt .  By 
substitution : 


LP“L  -lOLog. _  Cl 
f  max  a10 


_1.4S7Ut 

Y 


During  on  observation  period  of  one  hour,  L^.  is  sxcBeded 
far  3SCCF  seconds.  If  N  vehicles  per  hour  exceed  L^.,  the 
duration  cf  each  event  is  tp.*36C0F/N.  ThB  above  equation 
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con  be  written  in  general  terns  as : 

L  -t  -oL 
F  max 

Since  me 're  interested  in  developing  tL ,  me ’re  only 

concerned  with  the  portion  of  the  duration  when  the  sound 

level  rises  from  L,_  ta  L  .  Assuming  the  vehicles  at 

F  max 

constant  velocity,  this  mill  be  t^/2.  Substituting,  me 


have : 


, ,  ,  1 . 467:  :U:<3BC0F 

L  -L  -10Lag._  Cl  +  C - =-- - 1  ] 

F  max  “10  2YN 

Simpl lfying : 

Lf'LmahMLo9l0N-laLoB:0[NB*E-37xlcBc-Y-5  3 

By  substituting  an  appropriate  value  oF  ’F’  [decimal 

value]  into  this  equation,  you  mill  havB  a  relation  Far 

that  single  value.  You  can  BstimatB  ’N’,  the  number 

aF  events  exceeding  ,  From  one  of  SBvBral  statistical 

studies.  The  results  of  such  a  study  arB  shown  in 

Figure  3.10.  This  table  is  part  oF  thB  results  aF  N. 

Olson’s  ’’Statistical  Study  oF  TraFFic  Noise”  available 

From  the  National  Research  Council  of  Canada.  Knowing 

the  hourly  traFFic  Flam,  use  this  table  to  estimate  the 

number  aF  passing  vehicles  at  each  sound  output  leve’ 

CL  ].  This  value  oF  L  is  easily  adjusted  For 

max  max 

inverse  square  attenuation  at  distances  other  than 
listed.  Since  this  equation  assumes  all  passing  vehicles 
are  identical,  you  must  determine  Far  each  group  of 
vehicles  mith  an  identical  sound  output  within  each 
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AUTChOE I LE  FLEE 


AL/TCh 

□  BIL 

E  FLEET 

T 

RUCK  FLEET 

dBA  at 

50  ’ 

Fraction 

dEA  ct 

50 '  Fractic- 

53 

0.01 

71 

0 .03 

50 

0.05 

72 

0 . 00 

51 

0.05 

73 

0 . 00 

62 

0.07 

74 

0 .00 

53 

0 . 13 

75 

C  .  03 

64 

0.03 

76 

0.00 

65 

0 . 17 

77 

0 .03 

66 

0 . 15 

7B 

0 . 17 

57 

0 .0B 

73 

0 . 17 

68 

0.06 

BO 

0 .06 

63 

0.02 

81 

0.03 

70 

0.03 

B2 

0.06 

71 

0.01 

B3 

0.06 

72 

0.00 

B4 

0 . 12 

73 

0.01 

B5 

0.03 

B6 

0.03 

B7 

0.03 

BB 

0.03 

FIGURE 

3 . 10 

Statistical 

results 

of  SPL  produced 

by  two  vehicle  fleets 

type  class 

C  e 

.g.  Autos, 

trucks , 

etc . ] .  An  energy 

summation  of 

all 

L^’s  at  Bach  sound 

output  level  will 

determine  the 

partial  L^ 

valuB  far 

a  given  type  class. 

After  determining  thB  partial  L^.  for 

each  typB  class,  a 

final  energy  summation  will 

result  in  an  estimate  of  the 

total  Lp  at 

the 

observation 

point  . 

This  process  only 

provides  an 

estimate.  Actual  levels  can  vary  with 

vehicle  mix 

and 

the  actual 

numbers 

within  a  group  of 

vehicles  BXCBBding  L^.  . 

Qvar  the  years,  various  centile  levels  have  gained 


some  significance. 


Same  of  these  are  listed  below . 


L,  --Considered  a  maximum  level  oF  noise  over  a 

J. 

cumulative  36  seconds  per  hour.  Ignores 

impulse  noises  with  a  combined  duration  less 
than  36  seconds  per  hour . 

L,_  =  Results  in  a  broader  assessment  of  noise 
levels  than 

L^Q=L)sed  as  a  measure  aF  intrusiveness.  This 
level  has  been  used  in  American  and  English 
traFFic  regulations  as  the  design  limit  For 
highway  noise.  The  FHUA  adopted  L^Q-60  dBA  as 
the  limit  Far  highly  noise  sensitive  areas. 

L.^=Originally  used  by  HUD  Far  land-usB 
planning.  L^“65  dBA  was  the  limit  For  outdoor 
noise . 

L,_g=nedian  level  of  noise.  Nat  an  average 
sound  level,  but  rather  a  level  which  outdoor 
noise  exceeds  as  aftsn  as  it  doesn’t. 

LgQ=Considered  ambient  noisB  level  . 

Lg^=Samet imes  used  instead  of  Lgg • 


Ll'iJ'a.i  u  u  i 


T^e  certila  rating  has  graven  ta  correlate  well  with 
certcin  types  af  noise.  The  noise  climate  of  a  community 
is  described  well  by  stating  the  L, ^  and  LQC  centiie 
levels  [Same  countries  use  and  Lgj_ ,  s.g.  Australia!. 
It's  also  useful  far  assessing  speech  and  sleep 
interference,  a  common  complaint  of  excessive  aircraft 
noise.  Although  the  procedure  described  above  could  be 
easily  applied  ta  aircraft  by  developing  a  database 
similar  ta  figure  3.10  far  aircraft,  it’s  proven 
inadequate  as  the  basis  far  estimating  aircraft  noise  and 
far  developing  related  community  noise  regulations.  This 
is  because  centiie  levels  are  calculated  at  discrete  time 
intervals  rather  than  being  integrated  over  time.  Thus 
they  ignarB  noises  of  short  duration— impulsive  type 
noises.  Far  example,  Switzerland  adopted  the  1^  level  as 
a  criterion  for  measuring  noiss  pBaks.  Eut  this 

criterion  will  still  ignore  impulsive  events  of  high 
magnitudes,  even  those  potentially  damaging  to  human 
health,  far  cumulative  periods  of  up  to  5  minutes  in  an 
8  hour  day.  Since  individual  aircraft  noise  intrusions 
are  of  relatively  short  duration  and  infrequent 

accurencB,  this  scale  becomes  unresponsive  to  such 
intrusions.  Figure  3.11  is  a  graph  of  the  L-,,  ,  and 

centiie  ratings  For  aircraft  durations  of  10  seconds 
rising  BO  dBA  abovB  ambiBnt.  Note  the  excessive  number 
of  intrusions  necessary  for  thBSB  ratings  to  reflect 
them.  As  stated  above,  this  rating  works  well  with 
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situations  such  as  Free  Flowing  traFFic. 


As  such,  it  may 


be  possible  to  use  this  rating  near  a  very  busy 
international  airport  such  as  □’Hare  or  JFK.  But  most 
airports  don’t  have  the  constant  Flow  oF  traFFic 
necessary  tD  retrieve  accurate  results  and  to  standardize 
this  rating  Far  aviation  purposes.  ThereFare,  its  use 
has  been  limited  to  assessment  oF  vehicular  traFFic 
noise . 

3.3.5  TiriE  ABDUE  METRICS 

The  centile  rating  def mas  the  proportion  oF  a  time 
period  exceeding  a  certain  threshold.  The  inverse  a F  the 
centile  rating  will  give  time,  in  minutBS,  a  threshold 
IbvbI  is  exceeded .  This  is  the  basis  of  the  timB  abavB 
metric.  Since  this  class  of  metrics  received  a  great 
deal  of  attention  in  the  lSEO’s  and  Barly  1370’s,  the  FAA 
developed  the  Aircraft  Sound  Description  System  CASDS1  as 
their  basic  technique  Far  predicting  community  noise 
exposure  From  aircraft.  ThB  goal  of  the  FAA  was  to 
provide  an  accurate,  yet  understandable  system  describing 
noise  exposure  to  the  community  . 

The  basic  product  oF  ASDS  is  an  exposure  display 
stating  the  time,  in  minutes,  noiSB  levels  excBBd  85  dBA . 
In  order  to  provide  a  method  to  compare  results  from 
differing  situations,  ASDS  also  provides  a  Situation 


I  ndex  . 


The  Situation  Index  is  a  single  number  descriptor 


calculated  by  integrating  exposure  time  cf  a  plot  of  land 
over  its  area.  The  result  is  a  comparative  measure  of 
overall  noise  exposure  expressed  in  acre-minutes, 

ASDS  was  proposed  with  two  diFFerent  modes  aF 
calculation.  Made  I  is  a  simpliFied  version  suitable  For 
calculation  by  hand.  The  required  inFormation  is  a  mao 
aF  the  aFFected  land  area,  location  oF  runways  and  ground 
tracks,  the  number  aF  operations  by  aircraft  type,  FAA 
calculation  Farms,  and  a  database  aF  B5  dBA  contours. 

The  contour  database  is  a  computer  generated  table 
developed  as  a  Function  of  aircraft  altitude  and  power 
setting.  The  result  is  corrected  For  Bxcess  ground 
attenuation  and  shielding  by  thB  aircraft  Fuselage.  ThB 
contours  are  defined  at  771=,  70*  RH ,  and  no  wind.  The 
eFFects  of  pilot  technique  are  also  considered.  Separate 
tables  are  required  For  individual  aircraft  at  a  variety 
of  gross  takeaFF  weights  and  the  landing  tables  are  based 
on  a  glideslape  of  3° .  Additional  tables  ars  compiled 
Far  aircraft  with  acoustic  modifications,  such  as  quiet 
nacelle  engines.  The  Final  result  is  a  table  indicating 
distance  of  thB  contour  edge  From  the  ground  track  at  a 
number  of  downrangB  distances.  Aircraft  altitudB  and 
cumulative  contour  area  is  givsn  at  each  downranga 
distance . 

Although  the  nine  step  calculation  procedure  For 
ASDS  is  relatively  simple,  it  can  be  very  tedious .  ThB 
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Fallowing  is  brief  summary  of  these  steps. 


Step  1:  Record  the  operations  data  by  aircraft 

type,  gross  weight,  and  number  of  takeoFFs  and 
landings . 

Step  2:  Select  appropriate  contours  From  the 

database . 

Step  3:  Draw  the  runway  layout  an  a  GSGS 
topological  map  aF  the  area. 

Step  4.-  Add  the  ground  tracks  to  the  map. 

Step  5:  natch  all  aircraft  operations  with  the 
appropriate  ground  track. 

Step  G:  Using  an  overlay,  draw  the  appropriate 
contours  about  each  ground  track.  The  contours 
will  be  symmetrical  about  thBir  centerline. 

Step  7:  The  contours,  when  averlayed  on  one 
another,  will  create  several  zdhbs  of  varying 
size  and  shapes.  Number  each  zone 

sequentially.  Theoretically,  each  zone  will 
have  varying  degrees  of  exposure. 
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the  constantly  varying  noise  levels  within  a  contour.  It 
also  had  the  capability  af  determining  time  above  any 
threshold.  Thus,  Mode  11-30  determined  the  exposure  time 
above  a  30  dBA  threshold.  This  allomed  the  determination 
of  peak  noise  levels  at  any  point  within  a  contour.  This 
information  is  ideal  far  determining  building  sound 
insulation  requirements.  Unfortunately,  in  relation  to 
aircraft  sound  metrics,  the  time  ahove  metric  had  the 
same  problems  as  the  centilB  sound  level  described  above. 
The  FAA  abandoned  ASDS  before  hade  II-xx  mas  ever  fully 
developed . 

3.4  CUHULAT IUE  ENERGY  AUERAGE  METRICS 

The  noise  footprint  af  a  specified  aircraft,  as  may 
be  developed  from  PNL  or  EPNL  data,  seems  the  ideal  may 
to  determine  suitability  af  a  site  for  construction. 
Homever ,  it  doesn’t  consider  annoyance  IbvbIs  caused  by 
cumulative  airport  flight  and  ground  operations,  per¬ 
centage  use  af  various  runmays  or  flight  tracks,  or  pilot 
operational  techniques.  For  these  reasons,  the 
cumulative  energy  average  metrics  mere  developed. 
Cumulative  energy  average  metrics  are  intended  to  define 
the  average  noise  exposure  af  an  individual  aver  a  given 
time  psnad.  The  result  of  these  metrics  is  a  map  of  thB 
airport,  dramn  to  scale,  mith  a  set  of  contours 


indicating  areas  af  land-use  compatibility. 


It  also 


indicates  those  communities  with  potential  noise  problems 
and  the  degree  of  those  problems. 

The  commonly  used  metrics  today  are  the  Noise 
Equivalent  Level  and  the  Day-Night  Average  Sound  Level. 
These  metrics  are  based  an  the  cumulative  A-weighted 
sound  levels  of  a  series  of  events,  normalized  to 
represent  an  average  exposure  .  They  were  proposed  by  the 
EPA  in  1972  in  an  Bffart  to  provide  a  standardized  system 
far  measuring  all  noises.  Since  the  A-weighted  scale  is 
the  basis  Df  these  measurements,  they  provide  a 
convenient  method  af  describing  the  total  noise 
environment  of  a  community  . 

This  class  af  metrics  wBnt  through  many  stages  af 
development  before  we  arrived  at  the  current  process. 
ThB  first  metric  was  the  Composite  Noise  Rating.  This 
metric  was  replaced  by  the  morB  descriptive  Noise 
Exposure  Forecast,  which,  in  turn  was  superceded  by  the 
□NL .  These  metrics  are  discussed  in  detail  in  the 
following  pages. 

3.4.1  HISTORY  DF  DEUELDPriENT-THE  CCnPCSITE  NOISE  RATING 

This  metric  was  first  developed  in  1952.  It  was 
used  by  military  and  civil  air  installations  ta  predict 
community  response  to  air  operations.  Initially,  this 
response  was  based  an  the  measurement  of  thB  noise 
spectrum  af  a  single  source.  Thus,  thB  first  concept  of 


CNR  resembled  a  single  event  maximum  sound  level  rating, 
but  normalized  to  predict  community  response  to  aircraft 
noise.  In  other  words,  the  developed  contours  did  not 
reflect  the  true  SPL  Car  PNL  as  we’ll  discover  later], 
but  was  a  rather  arbitrary  selection.  CNR  was  computed 
using  the  Following  eight  step  procedure. 

11  First  the  SPL  of  the  single  noise  source  was 
quantified  by  overlaying  a  band  spectrum 
analysis  onto  equal  loudness  contours.  The 
noise  was  ’level  ranked’  to  the  nearest  5  dB . 

Pi  5  dB  step  is  used  because  people  seldom 
perceive  changes  in  SPL  of  less  than  5  dB . 

S3  A  noise  is  perceived  to  bB  5  dB  higher  if 
pure  tones  are  present.  Thus,  a  5  dB  correc¬ 
tion  is  added  to  the  IbvbI  rank  to  account  for 
presence  of  pure  tones . 

31  An  intuitive  correction  of  5  dB  was  addBd  to 
account  Far  impulse  noise.  Since  the  defini¬ 
tion  of  impulse  noise  was  vague,  the  correction 
was  optional  and  left  to  the  interpreter  of  the 
system . 


4]  A  repetitive  correction  was  considered  an 


essential  correction. 


A  Flyover  was  considered 


to  be  bBtween  EO  and  3D  seconds  in  duration. 
The  correction  was  basBd  an  thB  number  of 
Flyovers  per  unit  oF  time.  This  correction  was 
pulled  From  a  precalculated  table. 

5]  Background  noise  levels  oF  a  neighborhood 
were  also  considered  important.  Neighborhoods 
were  described  as;  quiet  suburban,  suburban, 
residential  urban,  urban  near  some  industry, 
and  heavy  industry  .  The  corrections  ranged 
From  +5  dB  ta  -15  dB  in  5  dB  increments. 

61  Noncant inuous  noise  was  allowed  a  5  dB 
reduction  iF  it  occurred  during  the  day .  No 
corrections  were  applied  to  continuous  noise  or 
night  time  events. 

7]  A  Final  correction  was  based  on  how  well  a 
community  adaptBd  to  noise.  It  ranged  From 
-5  dB  to  -10  dB .  No  correction  was  applied  iF 
the  intruding  noise  was  new.  The  -10  dB  cor¬ 
rection  was  reserved  Far  emergency  conditions 
or  war  time . 

8]  The  Final  number  was  correlated  to  a 

-55- 


community  response  scale  developed  on  the  basis 


of  11  case  histories.  This  scale  attempted  to 
predict : 


No  annoyanCB 
nild  annoyance 
flild  complaints 
Strong  complaints 
Threats  of  legal  action 
Uigorous  legal  action 


By  1SS7,  the  corrections  Far  pure  tones  and  impulse 

were  eliminated.  They  were  dropped  because,  with  the 

exception  of  military  aircraft,  both  qualities  were 

virtually  nonexistent  in  aircraft  of  that  day.  Also,  the 

repetitive  correction  became  a  duration  correction 

allowing  the  CNR  to  resemble  a  singlB  event  energy  dose 

metric.  The  duration  factor  calculation  rBsultBd  in  the 

concept  of  an  energy-weighted  equivalent  sound  pressure 

level  CL  ,  as  described  in  detail  in  section  3.4.31. 
eq’ 

Additional  corrections  were  applied  to  thB  L 

eq 

Comprehensive  studies  developed  these  correction  factors 
Far  noise  IbvbIs  of  aircraft  at  various  speeds, 
altitudes,  and  accelerations;  their  directivity  patterns; 
and  thB  atmospheric  absorption  af  sound .  Additionally,  a 
wintertime  correction  af  -5  dB  was  introduced  if  the 
noise  occurred  only  during  winter  months.  This  resulted 
in  contours  that  contained  corrections  For  all  elements 
thought  to  aFFect  aircraFt  annoyance  levels.  The  final 
modification  in  1357  was  reducing  thB  onnoyancs  scale  to 
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five  descriptors. 


The  most  important  change  to  CNR  occurred  m  ' 353 
with  the  development  of  the  perceived  noise  scale.  Tu:s. 
coupled  uiith  a  general  dissatisfaction  with  the  current 
systBm,  prompted  a  total  redevelopment  of  the  CNR. 

The  redevelopment  effort  used  the  PNL  noise 
descriptor,  included  findings  from  sociological  surveys 
to  date,  and  simplified  calculations  by  excluding 
logarithmic  addition  for  those  not  mathematically 
inclined.  The  first  step  was  classifying  aircraft  by 
type,  engine  type,  and  performance.  PNL  contours 
described  the  noise  contribution  af  each  class  while 
maintaining  a  5  dE  increment.  To  simplify  calcu lat i cns , 
the  effects  of  duration  were  eliminated.  It  was  assumed 
thesB  effects  were  considered  implicitly  by  the  average 
duration  af  a  flyover  within  a  given  distribution  of  the 
aircraft  classes  considered.  The  next  change  considered 
thB  number  af  a  givBn  aircraft  using  each  flight  track. 
These  two  factors  were  combined  and  thB  resulting  numbers 
af  operations  broken  into  ranges,  Bach  range  having  a 
correction  representing  a  5  dB  contribution  in  total 
energy.  Previous  studies  showed  the  number  of  operations 
af  a  given  typB  aircraft  per  flight  track  avBraged 
between  10  and  30  operations  from  0700  Mrs  to  EE00  Hrs . 
Using  this  fact,  thB  correction  was  normalized  so  a 
zero  dB  correction  resulted  if  this  condition  was 


WW J 


ESTIMATED  COMMUNITY  RESPONSES 


ESSENTIALLY  NO  COMPLAINTS.  HOWEVER, 
NOISE  MAY  INTERF' RE  OCCASIONALLY 
WITH  CERTAIN  ACTIVITIES. 


INDIVIDUALS  MAY  COMPLAIN,  PERHAPS 
VIGOROUSLY.  CONCERTED  GROUP  ACTION 
IS  POSSIBLE. 


INDIVIDUAL  REACTIONS  WOULD  LIKELY 
INCLUDE  REPEATED,  VIGOROUS  COMPLAINTS, 
CONCERTED  GROUP  ACTION  MIGHT  BE 
EXPECTED . 


FIGURE  3.13  EXPECTED  COMMUNITY  RESPONSE  FOR  CNR  vs.  NEF 


present.  Final  madificat ions  included  a  10  dB  penalty 
Far  night  time  operations  CEEQO  to  0700]  and  eliminated 
corrections  Far  community  background  noisB.  Based  on 
case  studies,  the  Final  CNR  values  mere  normalized  to 
provide  two  border  contours;  CNR  100  and  115.  The  CNR  is 
mathematically  deFined  as: 

CNR-llO+Csum  oF  all  corrections]  CPNdE] 

Figure  3.13  is  expected  community  response  by  CNR  value. 

Although  the  Final  procedure  was  used  by  both  the 
military  and  civil  communities  in  land  usb  planning, 
there  was  a  strong  cry  aF  dissat isFaction  with  the 


procedure  by  the  civil  aviation  sector.  The  criticisms 


were  threeFold. 


1]  Since  the  noise  contribution  of  each  class 


of  aircraft  was  taken  to  the  nearest  5  dE, 
summing  thBse  contributions  could  result  in 
grass  aver-  or  under-estimation  of  CNR  values. 
This  could  prove  disastrous  if  a  land  tract 
were  said  to  fall  outside  a  100  dB  contour, 
thus  appearing  compatible  far  residential 
development,  but  should  be  within  a  115  dB 
contour,  which  is  essentially  noncompatible  for 
residential  development. 

51  The  use  of  5  dB  steps  for  summing  both  the 
effects  of  aircraft  movement  and  runway  use 
magnified  or  obscured  differences  in 
operations;  depending  on  if  thB  number  Df 
operations  fell  in  the  middle  or  near  one  of 
the  boundaries  of  a  particular  range,  Far 
example,  a  change  from  9  to  10  operations 
resulted  in  a  5  dB  increase  in  CNR  while  a 
change  from  10  to  30  operations  resulted  in  no 
change  in  CNR. 

31  The  development  Df  the  EPNL  concept  was 
proving  to  be  an  accurate  descriptor  of 
aircraft  noise.  This  made  it  desirable  to  use 
this  scale  to  predict  community  reactions  thus 
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endering  the  CNR  obsolete. 


3.4,3  HISTORY  DF  DE'dELCPTENT  -  THE  NDI5E  EXPOSURE  FORECAST 
The  major  difference  between  the  CNR  and  the  Noise 
Exposure  Forecast  CNEF]  uias  the  use  of  the  EPNL 
descriptor  and  thB  concept  of  continuous  energy  summation 
[as  apposed  to  the  5  dB  step  function].  The  same  basic 
infarmaticn  required  for  CNR  is  also  needed  for  NEF . 
NEF's  are  calculated  by  aircraft  class  for  a  given  flight 
segment.  A  flight  segment  is  defined  as  a  portion  of  a 
flight  track  with  a  constant  number  of  operations  of  a 


g  1  ven 


class  af  aircraft.  Due  to  the  number  of 


calculations,  a  computer  is  required.  Input  data  for 
each  pair  af  aircraft  class  and  Flight  track  segment 
included  an  octave  band  spBCtrum,  time  duration  vs.  slant 
distance  function,  tana  correction,  number  of  operations 
for  day  and  night,  altitude  profile,  and  power  level 
profile.  The  fallowing  set  of  equations  were  used  to 
calculate  NEF  far  thB  ’i'th  aircraft  class  and  the  ’ j’th 
flight  segment. 

NEFDCij]-EPNL+10LDSl0CNDCiJ]/E0]-75 

^NCiJl-^^^lO^NCiJ]71-23-75 

NEFiJ-EPNL+10Lo0l0CND[.J]+1B.B7NN[ij33-BB 


where : 


DCiJ]  100 


and  N 


n„,  r  .  ,  P  . 
-_NC l 2 _ i J 

NCiJ]”  100 


P.  "psrcBnt  use  af  Flight  seg- 
J  msnt  J  by  aircraft  class  i 


iw 


■  s  v  ‘..  W.-Y/V 


n  “Number  of  operations  For 
QircraFt  class  1  Far  Day 
or  Night 


NEF,-10Log10  EAnt i lag  C  NEF  ^  ^ / 10 ] 
NEF-10Lag1Q  ^Ant 1 logCNEF ^ / 10 D 


In  the  CNR  concept,  CNR  100  and  115  defined  the 
boundaries  aF  noise  sensitive  areas.  It  was  desired  to 
maintain  the  sams  basic  boundaries  For  NEF .  A  series  aF 
calculations  determined  NEF  values  oF  30  and  40  compared 
Favorably  with  CNR  100  and  115  respectively.  This 
appears  ta  negate  the  value  oF  the  NEF  concept.  But  the 
real  value  oF  NEF  was  in  the  increased  sensitivity  and 
accuracy  to  changes  in  aircraft  operations.  Thus,  NEF 
allowed  the  use  af  the  boundaries  established  by  CNR,  but 
allowed  airport  planners  ta  mare  accurately  assess  the 
community  affects  af  changes  in  airport  operations. 

Under  NEF,  aircraft  were  classed  in  terms  of  similar 
noise  characteristics  and  takeoff / landing  profiles.  Each 
class  was  assigned  a  representative  noise  spectrum  at  a 
reference  1000  ft.  Referencing  figure  3.14,  we  can 
calculate  an  NEF  at  a  paint  ’P’  along  a  flight  track  and 
a  distance  ’y'  perpendicular  ta  the  flight  track. 
Altitude  ’  z'  is  calculated  from  known  profile 
information.  Knowing  ’y’  and  ’z’,  the  slant  distance  ’d’ 
is  determined.  PNL ’ s  ore  calculated  from  the  reference 
noise  contour  and  corrected  far  inverse  square 
attenuation  and  atmospheric  absorption  along  distance 
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'd  '  . 


Corrections  for  tone  and  duration  yield  the 


necessary  EPNL  data.  The  NEF  For  a  particular  class  of 
aircraft  is  calculated  From  this  adjusted  EPNL  hy 
correcting  For  Frequency  of  operations  using  the  above 
Formulas.  An  energy  summation  Far  all  classes  and 
operations  yields  an  NEF  value  as  a  Function  of  input 
data  and  NEF  distance  ’y’.  But  to  plot  a  contour,  NEF 
distance  must  be  determined  as  a  Function  of  NEF  value. 

The  Final  step,  shown  graphically  in  Figure  3..14,  is 
an  iteration  to  develop  this  relation.  The  dashed  line 
is  the  curvB  we  neBd  to  construct  while  the  solid 
horizontal  line  is  the  NEF  value  wb  wish  to  locate.  Two 
arbitrary  points  of  distance  y^  and  y^  ara  selected  and 
the  NEF  determined  From  the  above  procedure .  These 
points  are  platted  and  a  linB  is  drawn  through  them  to 
intersect  the  horizontal.  A  new  distance,  y^  is 
determined  and  the  process  repeated.  This  continues 
until  the  diFFerence  between  two  successive  iterations 
becomes  ’sufficiently'  small.  The  last  trial  is  the 
perpendicular  distance  at  which  the  NEF  in  question 
occurs.  This  process  is  repeated  at  E000  Ft.  intervals 
along  the  Flight  track  and  yields  the  information  neces¬ 
sary  to  construct  NEF  contours  about  the  airport. 
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3,14  Cal  Distanca  criteria  Far  calculating  NEF 
phic  determination  of  NEF  distance  vs,  NEF  value 


3.4.3  DUmLATIUE  ENERGY  METR  I  CS-EDU  I  TALENT  ND  I  5E  LE'JEL 


Ihe  Noise  Equivalent  Level  CL  1  is  the  basis  ter 

eq 


many  af  the  noise  metrics  in  use  today.  It  mas  proposed 
by  EPA  as  a  descriptor  useful  far  purposes  other  than 
assessment  af  aircraft  noise.  It  is  a  simple  but 
accurate  noise  descriptor  capable  of  being  measured  with 
hand-held  instruments.  It’s  useful  in  virtually  all 
situations  and,  mast  importantly,  correlates  well  with 
known  effects  of  noise  on  a  community.  Unlike  the 
centile  noise  levels,  this  measure  will  consider 
impulsive  noises  no  matter  haw  short  the  duration. 


Defined,  L  is  an  equivalent  constant  sound  level 
eq 


having  the  same  amount  of  acoustic  energy  as  the  original 
sound  source  aver  the  same  time  duration.  It  is 
mathematically  defined  as: 


SEL-10Log10  Cl/T  f  1QdBACt3/10  dt] 

1 1 


where : 


T-t2-t, 

•Duration  of  event 


ti-Start  of  evBnt 
t2-End  af  event 


dBA C t ] • I nstantaneous  sound  pressure 
level  of  event  at  time  t 


Nate  if  T-C  t_,-t^  1-onB  second,  the  above  equation  results 
in  SEL .  This  is  because  SEL  is  actually  a  special 
application  af  the  mare  general  L  . 

In  practice,  it's  common  to  divide  the  observation 


par -3d  ;^r.a  discrete  intervals  of  sound  pressure  levels : 

saa  5  dE  rc^ges  .  The  time  the  noise  level  is  ujithir 
•these  ranges  is  a  fraction  af  the  total  observation 
period.  f  '  .  Replacing  the  integral  sign  with  a 
summation  s*gn  ta  accaurt  far  discrete  intervals,  the 
above  eguatian  is  rewritten  cs : 

L  -lCLag1oCEf,10L,/ 10  1 
eq  a  1C 

□  ne  af  the  objectives  af  L  tuas  ta  provide  a  simple 

eq 

method  cf  calculating  ncise  exposure.  The  fallowing  is  a 
procedure  tc  da  so  using  only  a  sound  level  meter  . 
Although  not  required,  a  graphic  strip  chart  recorder 
compatible  with  the  sound  level  meter  being  used  will 
simplify  data  collection  and  reduce  the  possibility  af 
error  due  ta  fatigue.  The  procedure  described  assumes  a 
properly  calibrated  meter  set  to  the  A-weightBd  scale  and 
’fast’  response.  Figure  3.15  is  an  BxamplB  af  an  actual 
measurement  . 


11  Using  a  data  farm  similar  to  figure  3.15, 
record  the  5PL  at  5  ta  10  second  intervals. 
The  timB  interval  required  will  depend  an  the 
nature  af  the  sound.  Rapidly  fluctuating 
sounds  require  a  short  interval.  A  shorter 
interval  also  results  in  better  accuracy  . 
However,  using  short  intervals  far  sounds  with 


fairly 


constant  levels  only  increases  the 


number  af  ca  I  cu  i  at  inns  luithaut  significantly 
increasing  cccuracy  . 

21  The  number  af  samples  collected  affects 

ca leu lat 1  anal  accuracy.  In  many  cases,  ycu  may 

need  only  100  data  points  for  sufficient 

accuracy .  To  became  accustomed  in  determining 

the  number  af  samples  required  for  accurate 

results,  it  may  be  desirable  ta  initially 

obtain  400  ta  500  samples.  Analyze  the  first 

100  samples  ta  obtain  a  value  of  L  .  Peaeat 

eq 

the  analysis  but  this  time  add  a  group  af  50  to 

100  samples  ta  the  original  sample  group. 

Recalculate  the  L  and  compare  the  tmo 

eq 

results.  If  there  is  a  significant  difference, 
repeat  the  procedure  ■  until  the  results 
stabalize.  The  number  of  samples  usBd  in  the 
final  calculation  is  the  number  of  samples 
necessary  far  accurate  results  in  subsequent 
studies  af  similar  noise  environments. 

3]  After  field  measurements  are  complete, 
begin  analysis  by  dividing  the  data  into 
decibBl  ranges.  Although  5  dB  increments 
should  bB  sufficient,  the  example  in 
figure  3.15  used  1  dB  increments.  Find  the 
midpoint  af  each  interval  by  taking  an 


arithmetic  average  of  the  upper  and  lower 
hounds  .  Record  th_  number  of  counts  per 
interval.  In  Figure  3.15,  if  the  interval  were 
5  dB,  the  First  interval  would  have  5  counts 
and  a  midpoint  oF  57.5  dB .  We’ll  soon  see  the 
diFFerence  between  using  a  5  dB  interval  vs.  a 
1  dB  interval  is  negligible  in  this  case. 


41  Find  the  Fraction  oF  the  observation  period 
each  sound  level  occurs  by  dividing  counts  per 
interval  by  total  number  oF  counts  in  the 
observation  period.  Enter  this  in  column  5. 


51  Calculate  10u‘'/^°  .  Enter  in  column  5. 


51  Multiply  column  5  by  column  5  and  enter  in 
column  7, 


71  Determine  a  partial  L  For  each  decibel 

Bq 

range  by  taking  ten  times  the  logarithm  oF  thB 
number  in  column  7. 


51  Using  Figure  E. 3  ar  the  equation  For 

decibel  addition  in  section  E.l,  determine 

total  L  .  IF  Figure  3.15  was  divided  into 
eq 

5  dB  intervals.  thB  result  would  be  BS . 5  dB .  a 
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negligible  difference. 

As  a  paint  af  interest,  this  data  lends  itself  jell 
ta  determining  centile  sound  levels.  Using  the  data  in 
column  5,  sum  the  total  percentage  of  time  the  noise 
levels  are  above  a  certain  SPL .  Far  example,  by  summing 


the  total  percentage  of  time  the  SPL  is  above  SC  dB ,  we 
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Figure  3.15  Calculation  of  L 
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3.4.4  C'JhULATIPE  ENERGY 
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In  1972,  ERA  proposed  the  day-night  average  SGund 

level  CL.  ,  sometimes  referred  to  as  DNL1.  This  method 
dn 

is  an  effort  by  EPA  to  provide  a  national  uniform 

standard  of  noise  assessment.  It  is  not  unique  to 

representing  aircraft  noise.  It’s  intent  is  to  measure 

all  types  of  noise  so  as  to  provide  an  assessment  of  the 

total  noise  environment  uuthin  a  community  with  aircraft 

noise  being  but  one  facet.  thus,  it  doesn’t  account  for 

the  annoyance  effects  af  pure  tanes  and  impulse  noise  ns 

did  the  CNR  and  the  NEF  assessments.  In  its  simplest 

farm,  L.  is  a  24  hr  L  with  a  10  dB  penalty  applied  to 
’  dn  eq 

nighttime  events.  NighttimB  is  defined  from  2201  hrs  ta 

0700  hrs.  Typically,  L  values  are  determined  on  bath  a 

daily  and  yearly  basis.  Ths  Yearly  Day-Night  Average 

Level  CL,  1  is  simply  a  logarithmic  summation  of  the 
dny  H  3  3 

daily  values.  It  is  the  yearly  values  that  are  plotted 

as  contours  an  a  map  af  the  airport  to  indicate  the 

impact  af  airport  operations  on  a  community. 

Realizing  the  daily  L,  is  a  modification  af  the 

on 

24  hr  L  ,  it  can  be  mathematically  defined  as.- 
eq  3 


"dn 


'10Lagi0i:B6400C- 


dBft(t) 

'"io" 


10 


+  10  I  10 


dBfi(t) 

'To” 


]  1 


The  limits  of  integration  an  the  first  integral  are  from 
0700  hrs  to  2200  hrs  expressed  in  seconds .  The  limits  on 


the 


second 


integral  are  from  2200  hrs  to 


C7CC  hrs 


exoressed  in  seconds.  .  ha  SaiGG  is  the  number  cf  ssccdi 

m  a  day.  Since  this  equation  can  became  c-ite 

cumbersome  for  manual  calcu latians ,  we  would  like  cc 

simplify  it  sa  seme  af  the  previous  measures  we  '  ve 

developed  can  be  put  to  use.  Notice  the  individual 

integrals  are  definitions  af  SEL .  Since  SEL  curves  are 

readily  available,  it  ujculd  be  convenient  to  rewrite  this 

equation  in  terms  af  SEL.  SEL  curves  are  presented  as  a 

function  af  distance  along  a  given  ground  track  far  a 

particular  class  af  aircraft.  Therefore,  an  equation 

expressed  in  terms  af  SEL  will  result  in  a  aartial  L,  bu 

dr 

aircraft  class  and  ground  track  which  could  be  summed  an 
an  energy  basis  tc  arrive  at  the  total  daily  L^  .  By 
introducing  a  new  variable,  ,  representing  the  number 

af  aircraft  from  the  ’ 1 ’ th  aircraft  class  using  the  ’J’th 
ground  track,  we  can  rewrite  the  above  equation  as: 


Ldn-10L°B10™D„  :[-ko'0  J13'0  3*lot-°Hiociiqc63 


By  simplifying  the  logarithmic  product  into  a  logarithmic 
sum,  wb  now  have: 


L.  “SEL.  +10Log  [N  +  10N.,  D-4S.37 
dn,j  lj  a10  Du  N,j 


Replacing  everything  to  the  right  af  5EL^  with  the 
variable  K  .  .  we  now  have: 


XVrvrV 


This  equation  proves  to  be  a  much  more  manageable  Farm 
For  manual  calculations.  The  value  of  k  can  either  be 

i  i 

-J 

calculated  by  hand  or  picked  cff  the  graph  i- 
Figure  3. IS.  Since  the  result  of  this  equation  mil  be  a 
partial  resulting  From  the  ’ i ’ th  aircraft  class 

Fallowing  the  ’j’th  ground  track,  the  total  L  is 
calculated  by : 


'dny 


■lOLag, 


10 


?63 

E 


10 


dn,  j 

To” 


Far  a  typical  airport,  the  data  necessary  to  develop 
a  set  aF  contours  is  so  extensive  it  is  impractical  to  dc 
sa  by  manual  calculations.  The  necessary  data  is 
collected  and  input  into  a  computer  to  develop  the 
contours.  These  contours  arB  available  For  usb  and 
review  by  anyone  who  has  thB  need  Far  them,  However , 
there  may  bB  times  mhsn  ohb  may  wish  to  manually 
determine  the  Far  a  parcel  oF  land.  ThB  Following  is 
a  procedure  to  do  so  . 

The  First  step  is  to  collect  all  airport  and 
aircraft  operational  data.  This  will  be  the  same  basic 
information  required  For  NEF  and  CNR.  Most,  iF  nat  ail, 
aF  this  mFarmatian  is  available  From  the  airport  manager 
or  the  airport  tower  personnel.  It  includes: 


11  the  orientation  and  length  oF  the  runways 


1 


V 
* « 

>1 
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and  Location  of  the  ground  tracks. 

SI  the  perpendicular  distance  from  the  land 
parcel  to  the  ground  track  and  the  distance 
along  thB  ground  track  From  this  perpendicular 
to  the  brake  release  and  landing  threshold 
CFigure  3.71.  Ground  tracks  will  vary  with 
aircraft  type. 

31  the  number  a F  each  type  of  aircraft 
contributing  ta  the  noise  climate,  IF  the 
number  aF  Jet  operations  exceed  5";  of  the  total 
numher  nF  operations,  propeller  aircraft  need 
not  be  considered. 

41  the  total  number  of  takeoffs  and  landings  by 
aircraft  type.  Far  more  accurate  results, 
break  the  takBoFF  operations  down  by  stage 
length  . 

51  thB  number  of  operations  by  aircraft  typB 
For  day  and  night. 

51  the  number  of  operations  by  aircraft  type 
per  ground  track  .  A  simple  approximation  is  to 
assume  the  percent  use  of  Bach  ground  track  is 


|V*«. 


the  same  Far  each  aircrart  type.  Now  Find  the 
percent  use  cF  each  track  For  ail  cperaticns 
and  use  this  ta  determine  the  number  of  each 
aircraft  type  using  each  ground  track. 


7]  any  special  takeoff  and  landing  procedures 
See  section  3 . E . 


After  all  the  data  has  been  collected  and  compiled, 

the  partial  LJ  values  can  be  calculated,  Stcrt  by 
dn 

locating  the  proper  SEL  curves  for  each  type  aircraft. 

These  curves  may  also  be  available  from  the  local  airport 

authority  or  obtained  from  the  EPA  .  Either  calculate  the 

value  of  K  ar  look  it  up  in  figure  3. IB.  The  partial 

L,  is  the  difference  between  these  tujo  values.  ThB 
dn 

total  is  the  logarithmic  summation  of  ail  partial 

L  '  s  . 
dn 

HUD  has  developed  a  simplified  procedure  for 

determining  the  approximate  location  of  L,  contours. 

dn 

This  procedure  should  not  be  used  for  final 
determinations  of  land  use  compatibility.  However ,  it  is 
a  convenient  and  satisfactory  method  for  use  during 
conceptual  design  stages.  You’ll  still  need  to  find  the 
location  of  the  ground  tracks  affecting  the  location  in 
question  as  well  as  the  number  of  daytime  and  nighttime 
flights.  First,  draw  the  appropriate  ground  tracks  on  a 
map  af  the  airport.  Now  determine  the  effective  number 
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of  flights  by  adding  the  number  of  daytime  operations  to 


1C  times  the  number  of  night  time  operations  ,  ^sing  the 

graphs  in  Figure  3 . 17[q] ,  determine  the  distances 

A  and  B.  Sketch  the  appropriate  contours. 

Figure  3.17[b3  is  an  example  of  the  estimated  contours 

for  an  airport  with  22 5  effective  operations. 

L  values  are  also  roughly  interpolative  .  Thct  is, 

if  a  noise  assessment  location  C  NAL  3  lies  500  ft  from  the 

65  L.  contour  and  2000  ft  from  the  70  L,  contour,  then 
dn  dn 

the  L.  at  this  location  will  be 

dn 

65+ [ 500/2500 3C7C-653 “65  dE .  But  what  if  an  NAL  lies 

outside  the  65  dE  contour7  HUD  has  developed  a  simple 

procedure  far  estimating  the  at  such  a  location. 

First,  find  the  distance  from  the  location  in  question  to 

the  center  af  the  Flight  path  CD23  and  to  the  edge  of  the 

65  L.  contour  CD13.  Calculate  the  ratio  D2/D1 .  Using 
dn  a 

the  table  in  Figure  3.17Cc3,  read  the  estimated  L.  . 

dn 

Obviously,  these  two  procedures  are  based  an  the  computer 
generated  contour  maps  far  the  airport.  Before  making  a 
final  determination  of  the  compatibility  of  this  land 
parcel,  ascertain  if  the  maps  you’re  using  include  the 
noise  effects  of  traffic  and  other  dominant  noise 
sources.  FAR  150  does  allow  airports  to  include  these 
effects,  but  it  is  at  the  option  of  the  airport  manager. 
If  the  airport  authority  has  developed  their  program  to 


i 


demonstrate  only  the  effects  of  airport  operations, 


l 


you 
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T  housands  of  F  eel 


rnust  determine  the  contribution  of  traffic  noise  yourself 


in  order  to  mcke  a  final  determination  of  compatibility . 

Typically,  the  L.  G5,  7C,  and  75  contours  are  all 

dn 

that's  required  far  the  contour  map.  Additional  contours 

can  be  determined  if  desired.  All  land  outside  the 

55  L.  contour  is  compatible  far  all  uses.  Land  parcels 
dn 

ujithm  55  to  70  L  .  are  normally  incompatible  ujith 

dn  a  n 

residential  development.  Areas  between  70  and  75  LJ  are 

dn 

definitely  incompatible  for  residential  use  but  may  be 

used  far  other  purposes.  Land  parcels  above  75  L,  are 

dn 

discouraged  far  any  use.  Many  city  and  municipal 

airports  make  an  attempt  to  purchase  all  land  exposed  to 

75  L.  and  above  to  ensure  no  problems  will  arise  in  the 
an 

future.  Figure  3.18  is  a  list  of  suggested  land  uses  as 
determined  by  FAA.  However,  FAR  150  makes  it  very  clear 
these  are  only  suggested  uses.  Determinations  of  actual 
land  use  compatibility  are  the  responsibility  of  the 
local  community  based  an  their  needs  and  desires. 

3.4.5  CUMULATIUE  ENERGY  METR I  CS-CCfiniJN  I TY  NOISE  EXPD5URE 
The  Community  Noise  Exposure  Level  CCNEL1  was 
developed  in  1370.  This  measure  is  used  by  ths  State  of 
California  and  is  the  samB  basic  measure  as  the  Day-Night 
Overage  Sound  Level .  The  difference  is  it  uses  5ENEL 
instead  of  SEL  C see  section  3.81  and  applies  an 


additional  5  dB  penalty  for  evening  operations. 


It  is 


LAND  L'SE 

<55 

YEARLY 
55-70  7C 

□  NL 
1-75 

IN  DECIBELS 
75-30  80-B5 

>85 
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N 

Transportation 
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Y 
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YC43 
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YCE3 
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Y  C  4  3 

N 

Business  Offices 

Y 
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E5 

30 

N 

N 

UJhalesale/Retai  1 

Y 

Y 

YCE3 

Y  C  3  3 

Y  C  4  3 

N 

Phata/Optical 

Y 

Y 

E5 

30 

N 

N 

Agriculture 

Y 

YC63 

Y  C  7  3 

YCB3 

Y  C  3  3 

r-» 

CO 
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Livestock 

Y 
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Y  C  7  3 
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N 

flining/Fishing 

Y 

Y 

Y 

Y 

Y 

Y 

Outdoor  Sports 

Y 

YC53 

Y  C  5  3 

N 

N 

N 

Outdoor  Music 

Y 

N 
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N 

Zoos 
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N 

Parks/Resarts 
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N 

Rolf/Stables 
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55 
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N 
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N 

NOTES: 

Cl]  Noise  level  reductions  CNLR3  of  E5  to  30  required 
CE3  NLR  of  25  necessary  where  the  public  is  received, 
office  areas,  noise  sensitive  areas,  or  where  the 
normal  noise  level  is  low, 

C3]  NLR  of  30  necessary  where  the  public  is  received, 
office  areas,  noise  sensitive  areas,  or  where  the 
normal  noise  level  is  law. 

C He 3  NLR  of  35  necessary  where  the  public  is  received, 
office  areas,  noise  sensitive  areas,  or  where  the 
normal  noise  level  is  low. 

[51  Compatible  with  special  sound  reinforcement 
C B 1  Residential  buildings  require  an  NLR  of  E5 
[71  Residential  buildings  require  an  NLR  of  30 
C81  Residential  buildings  not  permitted 

S5,30,35-NLR  of  E5 ,  30,  or  35  required  far  compatibility 
Figure  3.13  Land  use  compatibility  by  Day-Night  Level 


mathematical ly  defined  as: 

CNEL-SENEL+lOLog, _CN  +5N  +  10N  1-49.3"7 

xu  a  e  n 

where :  N^-Number  af  flights  from  0700  hrs  ta  1300  hrs 

N^-Number  af  Flights  from  1300  hrs  to  2200  hrs 

N  “Number  af  flights  from  2200  hrs  ta  0700  hrs 

n 

Statistically,  the  difference  between  CNEL  and  L,  was 

dn 

fcund  ta  be  only  .8  dB .  Far  this  reason,  and  ta  maintain 

a  true  national  standard,  CNEL  will  likely  be  replaced  by 

L,  within  the  next  few  years, 
dn 

3.5  THE  INTEGRATED  NOISE  NCDEL 

The  integrated  noise  model  [INN]  was  developed  by 
the  FAA  as  its  computer-based  noise-simulation  model  for 
describing  impact  af  aircraft  noise  an  the  community.  It 
provides  a  cumulative  noise  impact  rating  based  on  the 
Noise  Exposure  Forecast,  Sound  Equivalent  Level, 
□ay-Night  Average  Sound  Level ,  or  Community  Noise 
Equivalent  Level  as  described  above.  It  also  has  the 
capability  of  providing  a  Time  Above  Threshold  rating. 
ThBse  ratings  are  provided  for  a  24  hr  day  or  for  time 
periods  between  0700  hrs  and  2200  hrs,  and  between 
2200  hrs  and  0700  hrs.  The  database  consists  af  separate 
noise  files  far  each  aircraFt.  There  are  user  options 
available  to  make  changes  ta  these  files  as  necessary. 
Program  outputs  include  a  listing  of  input  data,  a 
contour  plat  of  the  airport,  and  a  table  af  computed 
noise  values.  An  example  printout  is  provided  in 


figure  3.13. 


The  INM  is  available  to  anyone  who  may  have  the  need 
for  this  type  of  information.  Some  of  the  uses  of  the 
I NM  ar e : 

11  Development  of  local  land  usb  controls  and 
compatibility  planning 

El  Comparison  of  different  classes  of  aircraft 
for  purposes  of  scheduling  to  reduce  the 
overall  noise  impact 

3]  Comparison  of  various  operational  procedures 
as  part  of  a  noise  abatement  program 
41  Use  in  environmental  impact  statements 
51  Assessment  of  proposed  changes  in  airport 
operations 

51  Determination  af  effective  sitBS  for  airport 
acoustic  barriers 

The  INM  is  available  through  various  time-sharing 
vendors.  It  is  also  available  through  the  FAA  an  a  loan 
basis  . 
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FIGURE  3.13  An  example  printout  From  the  Integrated 
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CHAPTER  4  CCNCLCSICM 


Through  this  rev ieut  of  the  multitude  of  metrics 
available  to  measure  the  effects  cf  aircraft  noise,  one 
can  surmise  the  subject  of  noise  measurement  is  an 
extremely  complex  one.  Cver  the  years,  researchers  have 


continually  refined  their  measurement  technique? 


order 


to  develop  a  single  metric  to  measure  anncyance  affects 
of  noise;  and  research  continues  to  date. 

□f  the  various  methods  available,  no  single  method 
can  stand  alone  as  the  best  method  to  use.  The  use  of 
any  metric  is  highly  dependent  upon  uihat  one  is  trying  to 
measure  and/or  ascertain.  For  example,  the  overall 
A~weighted  sound  level  is  a  poor  indicator  of  the  overall 
annoyance  affects  of  noise  intrusion  upon  a  certain  area, 
but  is  indispensable  for  determining  the  sound  insulation 


requirements  for  a  building 


Conversely,  it  is 


impassible  to  use  a  metric  such  as  for  determining 
acoustic  insulation  requirements,  but  is  a  valuable  tool 
far  developers  and  investors  while  deciding  whether  or 
not  a  particular  area  is  suitable  for  certain  types  of 
development.  The  same  may  be  said  of  PNL.  Although  PNL 
contours  for  various  aircraft  aren't  as  readily  available 
as  they  were  in  the  past,  they  do  exist  and  provide  an 
extremely  useful  tool  to  the  acoustical  engineer.  Same 
of  the  metrics  available  are  ussd  solBly  by  the 


Grass 


government  Far 


certifying  aircraft  as  a 


means 


af 


preventing  excessive  noise  intrusion  from  aider  or  poorly 
maintained  aircraft.  These  metrics  Ce.g.  EPNL1  are  af 
little  importance  to  the  engineer  in  determmg  insulation 


requirements,  but 

may  be  af  interest 

in 

study ing 

the 

physiological  and 

psychological  affects 

of  noise 

on 

humans.  In  fact, 

every  class  af  metric 

has 

been  used 

in 

an  attempt  to  correlate  a  numerical  quantitiy  to  such 
affects  as  speech  interference,  sleep  interference,  and 
hearing  loss.  I  believe  an  understanding  af  these 
affects  is  important  relative  to  bath  why  acoustics 
should  be  a  concern  in  design  and  Just  exactly  what  one 
should  be  concerned  with  in  ordBr  tD  provide  a  client 
with  a  goad  design. 

One  may  also  nats,  through  thB  discussion  of  the 
Fundamentals  af  sound,  that  a  singlB  overall  sound  level 
measurement  says  little  oF  the  quality  af  that  sound. 
Recall  the  example  listed  in  table  3.3.  Two  aircraft 
with  the  same  overall  SPL  have  significantly  different 
spectral  characteristics.  Although  the  overall  levels 
may  be  adequate  far  determing  approximate  levels  of  sound 
insulation  required  far  a  building  in  the  conceptual 
design  stages,  they  are  inadequate  far  the  final  design. 
The  spectral  characteristics  must  be  known,  implying  an 
octave  band  analysis  is  necessary .  In  fact,  the  sound 


absorption  and  insulation  characteristics  af  acoustic 


characteristics 


acoustic 


materials 


are 


I  isted 


of 


octave  hand  for  this  very  reason.  Certain  materials  are 
more  effective  at  certain  frequencies  than  others,  thus 


an  octave 

band 

analysis 

suppl les 

the  information 

necessary  ta 

select 

propar 

mater lals 

to  provide  the 

necessary  attenuation. 

In  short,  acoustics  can  be  a  very  complex  subject. 
But  with  a  full  understanding  of  the  fundamentals  of 
sound  and  the  tools  available  to  measure  its  affects,  you 
are  well  on  yaur  way  to  acquiring  the  ability  to  provide 
an  adequate  acoustic  design  far  any  building. 
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